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Abstract  
This note describes in detail the procedures used in the bonding of the ASICs (Beetle 1.5 chips) 
down to the Pitch Adaptors for the LHCb VELO detector modules. 
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1. Introduction 
Front end bonding is the connection 128 channel read out strips on the ASICs (Beetle 1.5 chips) 
[1, 2] down to the pitch adaptor [3]. It is the 17th and 18th step in the VELO module production 
process [4, 5] and follows successful back end bonding [6]. There are 16 Beetle chips and four 
pitch adaptors per side. The bonding is an  ultrasonic wedge bonding process  performed with 
aluminium alloy wire on aluminium and gold pad metallization.  
Pure aluminium wire is too soft to be drawn into fine wire, so it is often alloyed with small 
percentages of silicon or magnesium to increase strength. At Liverpool we used wire sourced 
from Williams advanced materials which is Ø25µm Al 99% and Si 1%.  The wire is fed through a 
hole in the back of the wedge it then passes beneath the bonding face of the wedge tool, the 
second bond must be placed in-line with the first to ensure correct location beneath the tool.  
Wedge bonding utilizes ultrasonic energy and pressure to create a bond between the wire and the 
bond pad. Wedge bonding is a low-temperature process that uses frequencies up to 120 kHz for 
fine pitch applications. For front end bonding two Hesse and Knipps bondjet 710 bonding 
machines were used. These  were equipped with 100 kHz transducers. This cold welding process 
deforms the wire into the flat elongated shape of a wedge – hence the name “wedge bonding”. For 
the bonding the tools used were sourced from Small Precision Tools1 . 
A typical wedge bond can be determined (in most cases) by the degree of deformation of the wire. 
The width of the flattened area should be approximately 1.7× the diameter of the wire, e.g. for 
25µm diameter wire, the width should be 42µm. On our 710’s we are able to use 38% 
deformation (1.4× diameter) this gave us a pad width of approximately 35µm.  
During bonding four rows of bonds are created, “r1” being the lowest loop height with “r4” being 
the highest loop. Each row is created with a separate bonding program (Appendix A) which 
permits the operator to visual inspect each row before applying the next layer bonds. This allowed 
the operator to re-bond any failed bonds or straighten any bonds that may be in electrical contact 
prior to bonding the next row.  
2. Mechanical Setup 
For front end bonding, the bonding jig needs to be mounted so that the chips to pitch adaptor 
bonds can be inspected without the transducer fouling the view. This requires the orientation of 
the bonding jig to be such that the front ends of the chips points away from the operator. Thus, for 
front end bonding the jig was rotated through 180º compared to the setup for back end bonding. 
Following the procedure for backend bonding the hybrid is mounted into the bonding jig whilst in 
its handling frame. This is done to avoid direct handling of the hybrid and to ensure safe insertion 
of the double sided hybrid onto the bonding jig. The first side to be bonded is the nominated radial 
side, with the r-type pitch adaptors; face up onto the bonding jig. Vacuum from a dedicated high 
volume pump is applied to hold the hybrid down firmly to the jig. Any loss of suction around the 
hybrid was shown to lead to problem bonds.  
 
                                                
1
 The specification from SPT WAS  FP 45A-W-2020-1.00-C W=VW=003 VR=006. 
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3.        Quality Assurance & Calibration 
On the left hand side of the hybrid there is a large gold pad (see Figure 1). This is used before 
bonding for bonder calibrations (P-axle and wedge geometry). After calibration the machine is 
placed into manual mode and using identical bonding parameters as are used as in the subsequent 
front end bonding program (see Appendix B).  
Seven wire bonds are then placed and the bonds strengths measured destructively with a Dage 
4000 series wire bond tester. All of the tests were required to have a strength > 6g for bonding to 
proceed. Before bonding proceeded the hybrid number, wire spool number and the number of 
bonds the wedge has performed (using the “wedge counter” in options) were recorded.  
3.1. Bonding map for front end bonds 
A partial schematic of the bonding layout for the chips to the pitch adaptors is shown in Figure 2. 
The programmes are designed to minimize the likelihood of electrical short developing between 
adjacent channels and to avoid the possibility of one bond damaging another during the bonding 
process. To this end four bond layers are required, the lowest level (R1) being placed first, with 
each subsequent layer being higher than the previous one (R2-R4). 
The designed pad sizes for the front end bonding were as follows Beetle chip 1.5 amplifier 
channels 95µm X 120µm Pitch Adaptors Chip end R1 = 100µm, R2 = 70µm, R3 = 50µm, R4 = 
40µm. 
3.2. Bonding reference systems 
 
There are a total of 32 reference systems; the odd numbered systems are on the ASICs and the 
even numbered on the pitch adaptors. Bonding proceeds from an odd reference system to an even 
reference system. The reference systems are as shown in below in Figure 3. 
3.3. Bonding procedure 
 
To execute a programme (e.g. C2FR1 –see Appendix A) it must be first be loaded into the 
bonding machine. This program has 32 reference systems with the bonding source being the ASIC 
and the destination being the pitch adaptor. 
Figure 1: Gold bond pad used for calibration.  
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Figure 3: Reference systems used for the front end bonding 
  
Figure 2: Schematic of the bonding scheme for front end bonding. Note the 
staggered pad layout on the ASIC (Beetle 1.5) and the pad layout for the 
pitch adaptors. This requires 4 levels of bond height (see the lower insert) 
ranging from 0.25mm to almost 1mm. 
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Figure 4: Fiducials used for defining the reference systems. The top two photographs show the 
fiducials for the chips (odd reference systems) and the bottom two photographs the fiducials on 
the pitch adaptors (even reference systems). Fiducials are surrounded by the smaller green 
boxes. 
 
Each reference system needs to be aligned relative to the fiducials on the hybrid this should 
proceed automatically. However, should the programme fail to identify any of the fiducials, these 
may be found manually. The fiducials on the ASICS and those on the pitch adaptors are shown in 
Figure 4.  
 
 
Figure 5: Photograph of the front end of a chip bonded. This shows the density of 
the bonds. 
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The high density of bonds makes repairs on the lower layers (see  
Figure 5) impossible. Thus each layer of bonding is followed by intensive visual inspection. Both 
the chip end ( 




Figure 6: Detailed photograph of the chip end bonds. 
4. Bonding Results 
The analysis of the data from the completed front ends bonds (see Figure 7) is simpler than that 
for the back ends. Due to the complexity and size of the LHCb VELO hybrids, only the H&K 710 
machines were used. Thus the timings and failures rates only differ between the two H&K 
machines. Although in principle identical, there were minor differences, such as transducer heads 
and a substantial 50 litre vacuum reservoir along with ID 12mm tubing to improve vacuum on the 
710B, between the two machines. 
.  
Figure 7: Photograph of a fully bonded ASIC. 
4.1. Bonding Times 
 
Due to the stretching of the circuit on the hybrid and the narrowness of some of the pads on the 
pitch adaptors, the source and destination bonds have to be manually aligned and the bond heights 
have to be manually placed prior to bonding. The bonding is broken up into four bond rows per 
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side, each with its own program. The manual preparation has to be done separately for each 
program and requires about one hour per row, with an additional 15 minutes for bonding. An 
entire hybrid (2 x 4 rows) therefore takes about 10 hours. 
4.2. Bond Pull Strengths 
 
The front-end bonding was performed on the Hesse and Knipps bondjet 710 machines, of which 
we have two (labelled A and B). Samples of bonds taken during the production were tested by 
measuring the pull required to break the bond. The data analysis for the two machines is shown 
below in Figure 8.  
Histogram of Pull Strengths
Strength(g)




















Figure 8: The distributions of pull strengths of the two bonding machines 
taken from the pre-bonding samples.  
The mean pull and the standard deviations for the two machines were:  
710A: 8.9 ± 1.6 g (1% below limit of 6g)  
710B: 8.8 ± 1.8 g (5% below limit of 6g) 
4.3. Bonding Failures 
 
There was a requirement that all the bonds between the chip and the pitch adaptor should be 
made, in order to ensure the readout of the silicon strip. Where a bond failed, additional attempts 
were made and the information that a bond required multiple attempts was logged in the database. 
In the worst case, where a bond could not be made, the failure was logged so that it could be 
tracked and explain readout failures in the subsequent testing. 
The biggest source of failures was due to the anomalous variation in pitch of pitch adaptors; this is 
due to their fabrication process (See Figure 9). In addition in some cases the pitch adaptors were 
heavily over etched with a pad width approximately 25 microns. This substantially increased the 
probability of bond failures and required the operator to manually adjust each bond placement 
slowing production. 
The database contains information on the status of every bond, including failures. This data can be 
extracted and analysed to study the distributions of problem bonds. Figure 10 shows the frequency 
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of problem bonds as a function of chip number. On average there were 29 and 40 problem bonds 
per chip position on R-side and P-side had respectively over all 42 production modules.  
                        
 
Figure 9: Picture of the front end bonds. The narrow width and the variability of 
the spacing of the pads make bonding especially difficult.  
FEB Problem Bonds
Chip















Figure 10: Plot of the problems bonds as a function of chip number. Peaks can be 
attributed to problem areas on a few individual modules, rather than a general 
tendency over all modules. On the Phi detectors there is a noticeable peak around 
chip 10 – but this is almost entirely due to one module (21). 
 
The distribution of problem bonds within a chip for the most difficult 4th row of bonds is shown in 
Figure 11. There appear to be fewer bond failures towards the centre of each chip. This is 
attributed to the angle of bonding which is closer to perpendicular (with respect to the chip edge) 
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at the centre of the chip. During the production the distribution of bad bonds was largely even 



















Figure 11: distribution of failed front end bonds on the 4th row as a function of 
position on a chip. There appear to be slightly less failures towards the centre of the 






















Figure 12: Distribution of front end bond problems as a function of module 
production number. With the exception of module 21, first in the sequence, there is 
not much variation. Average is less than 13 problem bonds per side. 
 
A summary of information on the front end bonding performance over the production modules is 
given in Table 1. Although the front-end bonding was extremely difficult over 99.98% of front 
end bonds were successfully made. Thus the number of faults introduced through front-end 
bonding is negligible. 
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FEB    
  R-side Phi-side 
 No of modules 44 44 
 No of bonds/module 2048 2048 
     
 Total Bonds 90112 90112 
     
Failed bonds 5 13 
% failed bonds 0.006 0.014 
    
Repeat bonds 455 625 
% repeat bonds 0.50 0.69 
     
Repeat bonds     
that fail (short) 5 (1%) 6 (1%) 
 
Table 1: 180000 front end bonds made. There were 5 failed R side bonds and 13 failed Phi 
side bonds (0.01% total). Multiple attempts were required on, 0.50% of R-side bonds and 
0.69% of Phi-side bonds. Of the bonds that required multiple attempts, 1% subsequently had 




The connections between the readout ASICs and the pitch adaptors are made during front end 
wire bonding. During the production, over about 180000 front-end wirebonds were made using 2 
H&K 710 wire bonders. Only about 0.02% of wirebonds failed at this stage which is remarkable 
given the narrow and varying pitch of the pitch adaptors. 
More reliable bonding could be achieved through the use of glass pitch adaptors. 
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Appendix A Programmes used on H&K 710 
Bonding programs for Front end bonding:- 
 
Program name Description Wires in Program 
C2FR1 Chip to Fan-in Rad 1st row 512 
C2FR2 Chip to Fan-in Rad 2nd row 512 
C2FR3 Chip to Fan-in Rad 3rd row 512 
C2FR4 Chip to Fan-in Rad 4th row 512 
C2FP1 Chip to Fan-in Phi 1st row 512 
C2FP2 Chip to Fan-in Phi 2nd row 512 
C2FP3 Chip to Fan-in Phi 3rd row 512 
C2FP4 Chip to Fan-in Phi 4th row 512 
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                Image size: 
                accuracy: 
                Subpixel search: 






                Image size: 
                accuracy: 
                Subpixel search: 
                save search: 
1.Reference point: 
2.Reference point: 
  Focus height: 
  Tolerance: 
Lighting (Upon): 
Lighting (Ring): 




                velocity: 
Welding parameters: 
US-threshold 1: 
Bond force 1: 
US-threshold 2: 




Max. bond time: 




    Working area: 
Height: 
Radius: 
    Loop parameters: 
 
X = -66.415 mm, Y = -11.419 
mm 
 
pattern recognition for chips 
                    400 X 400 Pixel 
                    64 X 64 Pixel 
                    good 
                    off 
                    off 
 
X-66.303 mm, Y-5.925 mm 
 
pattern recognition for chips 
                    400 X 400 Pixel 
                    64 X 64 Pixel 
                    good 
                    off 
                    off 
X = -67.094 mm, Y =-5.850 mm 
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       Channel A 
           Ramp: 
           Boost: 
           Delay: 
      Channel B 
           Ramp: 
           Boost: 
           Delay: 
Mode of adjustment: 
Off-bond: 
 
Parameters for Reference system  
 
0.500 mm 
0.250mm 
85.000 % 
Tear Off: 
Wire Clamp 
 
-1.520 mm 
70.000 % 
 
 
CICOHEIZUNG 
 
 
15 
0.000 °s 
2.000 ms 
 
15 
0.000 % 
2.000 ms 
per Board 
per Substrate 
 
#1 BJ710-M-100-1200 
04.10.2006 
 
 
 
